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INTRODUCTION
Plants are frequently subjected to more light than can be used for photosynthesis. Excessive light causes photoinhibition of photosynthesis, i.e. reduction of photochemical efficiency, which may lead to damage to the photosynthetic apparatus (see reviews Amomum villosum Lour. (Zingiberaceae) is a perennial herb and is considered as being an obligate shade plant that occurs in the understorey of humid subtropical and tropical forests. Its seeds are important materials for Chinese medicine. Despite its shade tolerance it requires certain light levels for good seed production (Guo 1986, Han & Huang 1984). Farmers often thin out some 30% of canopy trees when they grow this plant for commercial purposes in the primary or secondary forests, consequently leading to reduction of biodiversity of these forests. However, it is observed that, once hit by bright sunlight, even under wet conditions its leaves soon roll up to diminish light absorption.
This study was aimed at characterizing the effects of leaf rolling and light level on the photosynthetic capacity and thermal-dissipation activity and on photoinhibition of photosynthesis in Amomum villosum leaves under field conditions. Additionally, the effect of inhibition of the xanthophyll cycle on photoinhibition and thermal dissipation was examined.
METHODS
This study was conducted in a tree plantation plot at the Xishuangbanna Tropical Botanical Garden (21056'N, 101?15'E, 600 m asl), Chinese Academy of Sciences, which is situated in the southern part of Yunnan Province, south-west China. This is at the northern border of the tropics, the mean annual temperature is 21.7 'C, mean temperature of the hottest month (July) is 25.3 'C, and 15.6 'C of the coolest month January (Liu & Li 1996) . The minimum temperature recorded was 2 'C (on 27 December 1999). Mean annual precipitation is 1557 mm. Due to the pronounced influence of the summer monsoon coming from the Bay of Bengal, about 83% of the annual rainfall concentrates in the period from May to October. The period from November to April is short of rainfall. However, from November to February, there is a heavy fog almost every day from midnight to around next midday. The fog contributes significantly to maintaining the moisture of both air and soil. In the study period, November 2000, the monthly temperature was 19.2 'C, with a mean maximum temperature of 26.7 'C, and mean minimum temperature of 16.6 'C. The relative atmospheric humidity was 89%, and relative leaf water content of Amomum villosum was over 90%. It was foggy or overcast from midnight until about 1 1h30 the next day and was clear later.
The Using a portable photosynthetic system (Li-Cor 6200, USA), maximum photosynthetic rate (Amax), stomatal conductance at Amax (gs), dark respiration rate (Rd) and apparent quantum yield (4(i) were determined for several plants in the bright and shaded part of the gap at midday between IIh30 to 13hOO, avoiding the foggy conditions in the morning. Both AmE,, and g, were measured when the leaves were fully light-induced.
RESULTS
Leaves grown in the bright part of the gap had significantly (P < 0.05) greater Rd value, lower (i, but similar Am,, and g, compared with those grown in the shaded part of the gap (Table 1 For both sun-exposed and shaded leaves, NPQ rates increased most times of the day and only decreased slightly in the late afternoon (Figures 2 and 3) . For the leaves in the bright part of the gap, the NPQ increase was more rapid between 07hOO and 09hOO when the incident light was still weak (Figure 1 ). Both leaves from the plants in the shaded part of the gap and leaves from the plants in the bright part of the gap but with artificial shading on the day of measurement had lower NPQ values than the control leaves in the bright part of the gap. However, given that during most times of the day PFD in the shaded part of the gap was much lower than that in the bright part of the gap Entries are means ? SE (n = 4-5). Different superscripts indicate significant differences between the means within columns (Mann-Whitney U test, P < 0.05). recovered to the levels recorded at dawn (Table 2 ). This showed no accumulative effect of photoinhibition for both treated (preventing leaf rolling and DTT treatment) and control leaves.
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DISCUSSION
The relatively low Ama,, and Rd, and inability of photosynthetic acclimation to different light levels (Table 1) For the plants in the bright part of the gap, in both the control leaves and leaves prevented from rolling, there was a rapid increase in NPQ rate in the foggy morning when there was hardly or even no excessive light energy (Figures 2 and 3) . This seemed to largely result from the rapid increase of qE-fast under low light in the morning (Figure 4) . Furthermore, under prolonged potentially photoinhibitory conditions in the afternoon, NPQ maintained a high rate and even continued to increase when the incident PFD decreased from the peak (Figures 2 and 3) . The increase of NPQ in the afternoon seemed to be contributed by qE-slw because this increased while qEfast decreased in the afternoon in the control leaves (Figure 4 ). This diurnal fluorescence behaviour is consistent with Demmig & Winter's (1988) suggestion that qEfast is the major process operating in the daily routine of a plant under conditions where light is not permanently excessive, and the component of qE-s51w under high light (i.e. Demmig & Winter's qE-slow 2) is a process which operates predominantly when leaves are exposed to potentially photoinhibitory conditions for prolonged periods of time. The greater contribution to non-photochemical quenching by qE-fast than by qE-slow found in the present study is also consistent with the observation of Demmig & Winter (1988) . This implies that, for the study plants of Amomum villosum, the thermal dissipation process that is related to the development of trans-thylakoid pH gradients is more important than the thermal dissipation process that is related to the xanthophyll cycle. Without other environmental stresses except for light, the leaves of A. villosum in the bright part of the gap commonly displayed photoinhibition of photosynthesis. This can even occur under low light intensity in the foggy morning. Photoinhibition also occurred in the shaded plants but to a much lesser degree. Both inhibition of leaf rolling and the xanthophyll cycle resulted in acceleration of photoinhibition. However, all these photoinhibitions were recovered from overnight. We suggest that photoinhibition reported in the present study is a photoprotection process but not the consequence of photodamage of the photosynthetic apparatus. Under low light intensity, the obligate shade plant A. villosum relied on thermal dissipation to protect its photosynthetic apparatus. Under intense irradiance, not only was the rate of thermal dissipation accelerated, but also its leaves rolled up to diminish light absorption. If there is still surplus light energy, inactivation of the PSII reaction centres was accelerated so as to dissipate further excess light energy and protect D, protein from photo-oxidative damage. In conclusion, three important photoprotection mechanisms were identified in the obligate shade plant Amomum villosum, i.e. thermal dissipation, leaf rolling and reversible inactivation of PSII reaction centres. Under normal field conditions, these mechanisms effectively protected this plant from photodamage.
